ADDITIONAL INDEX WORDS. Zea mays, ear length, ear diameter, ear size, ear height, variety trial, picking ease SUMMARY. To provide growers with regional and statewide recommendations, 23 cultivars of bicolor and white synergistic sweet corn (Zea mays) were evaluated in southwestern, central, and southeastern Pennsylvania. 'Temptation' was the standard. Despite differing production practices used in all locations, all cultivars were not different or produced more marketable primary ears compared with Temptation. Paydirt was the only cultivar to produce lower marketable yields by weight than Temptation in 2 site years or more. However, 'Paydirt' has an early maturity, which improves its acceptability. Very few ears were unmarketable. In terms of ear size, measured as diameter and length, overall all cultivars were not different from Temptation. 'Temptation' is early maturing and ear size was expected to be smaller than later maturing cultivars. This was not observed. Ease of hand harvesting was determined by measuring two factors: distance from the base of the primary ear to the soil line and ease of picking (1-5 rating scale where 1 = difficult and 5 = easy). The closer the primary ear was to the soil line was thought to be more difficult to harvest. 'Synergy', 'Espresso', 'Kristine', and 'Paydirt' ears were lower than 'Temptation' on the culm in 2 site years or more. 'Whiteout', 'Synergy', and 'Mattapoisett' were rated as more difficult to pick than 'Temptation' in 2 site years or more. Distance from the soil line to the primary ear and picking ease ratings were not observed to be closely related to each other and a combination of these and other factors may more accurately reflect the ease of hand harvesting. Overall, growers in our region have access to a lot of synergistic sweet corn cultivars with acceptable yield, quality, and ease of hand harvesting characteristics giving them a wide range of options.
A s of 2012, Pennsylvania was ranked 10th in the United State for fresh market sweet corn production. Forty-eight percent (1898 farms) of Pennsylvania growers produce sweet corn on 12,715 acres [U.S. Department of Agriculture (USDA), 2014]. Growers at the 2011 Mid-Atlantic Fruit and Vegetable Convention, an annual grower meeting of about 2200 fruit and vegetable growers and industry representatives, ranked sweet corn second among vegetable crops warranting research efforts to maintain profitability (S anchez et al., 2012) . Additionally, the Pennsylvania Vegetable Growers Association, representing the interests of Pennsylvania growers, funded this project.
In Pennsylvania, bicolor sweet corn cultivars predominate production; however, areas exist where white cultivars dominate including in the southeastern part of the state. Conversations with seed company representatives indicate that the seed industry is moving toward more synergistic offerings. Compared with su, se, and sh 2 cultivars, synergistic cultivars are generally thought to have the best flavor, texture, and aroma; and have high sugar content. Past sweet corn cultivar evaluations have focused on different genetics (Kleinhenz, 2003; Simmone et al., 1999) .
When selecting cultivars, ear quality is as important as marketable yield for profitability. Consumers are first attracted ear appearance, while taste can result in repeat purchases. In most U.S. markets, consumers prefer an 8-to 9-inch ear with a dark green husk, long and dark green flag leaf, and 16 straight rows of small deep and sweet kernels filled to the tip of the ear (Tracy, 2001 ). In addition to yield and ear quality, the ease or difficulty in hand harvesting may be another consideration when selecting cultivars. While many growers harvest mechanically in Pennsylvania, many also harvest by hand.
The objective of this research was to evaluate bicolor and white synergistic sweet corn cultivars to develop recommendations for fresh, direct market growers in Pennsylvania and the mid-Atlantic region.
Materials and methods
Twenty-three cultivars of bicolor and white synergistic sweet corn (Table 1) were grown in a conventional system in four locations across the state in 2012-13. ' (Fig. 1) . These three locations represent the major agricultural centers of Pennsylvania's seven physiographic provinces.
Cultivars were arranged in a randomized complete block design with four replications and three 8.3-to 12.5-ft rows of 15 plants per plot. Data were collected from the middle row. Pests were managed, depending on levels, in accordance with recommendations for commercial production of sweet corn (Orzolek et al., 2012) .
At the southwestern locations, cultivars were direct seeded with a push seeder (1001-B Precision Garden Seeder; Earthway, Bristol, IN) on 6 June in 2012 and 21 May 2013 with 8-to 10-inch in-row spacing and 38-inch row spacing creating a stand of 16,000 to 20,000 plants/acre. Fertility protocols were based on the grower cooperator standard practices. In 2012, 144.5 lb nitrogen (N), 117 lb phosphorus (P), and 87 lb potassium (K) per acre were applied as follows: 57 lb N, 57 lb P, and 57 lb K per acre were broadcast preplant, 30 lb N, 60 lb P, and 30 lb K per acre were banded at planting and 57.5 lb/acre N was sidedressed. In 2013, 38 lb N, 16.4 lb P, and 31.6 lb K were applied per acre. Weeds were managed with preemergent herbicides: atrazine at 1 lb/acre (AAtrex 4L; Syngenta Crop Protection, Wilmington, DE) and 2.86 lb/acre of metolachlor (Dual II Magnum, Syngenta Crop Protection). Insects were managed with four applications of methomyl 0.9 lb/acre (Lannate LV; DuPont Crop Protection, Wilmington, DE) plus lambdacyhalothrin at 0.21 lb/acre (Warrior II, Syngenta Crop Protection). Overhead irrigation was used during plant establishment only. The soil type at Bebout Farm was a DormontCulleoka complex and the soil type at Schramm Farms was a Dormont silt loam.
At the central site, cultivars were hand seeded on 1 June in 2012 and 2013 with 8-to 10-inch in-row spacing and 30-inch between row spacing for a population of 20,000 to 26,000 plants/acre. In 2012, 50 lb/acre N and 20 lb/acre P were broadcast preplant. Based on soil test results, K was not added. In 2013, 50 lb/acre N was broadcast preplant. Weeds were managed with a preplant application of mesotrione at 0.08 lb/acre (Callisto, Syngenta Crop Protection) and atrazine and metolachlor at 0.58 lb/acre and 0.45 lb/acre, respectively (Bicep II Magnum, Syngenta Crop Protection). Insect pests and diseases were left unmanaged. Supplemental water was provided through a drip rows for a population of 16,000 to 20,000 plants/acre. In 2012, 150 lb N, 50 lb P, and 50 lb K per acre were broadcast preplant and incorporated. In 2013, 100 lb N, 160 lb P, and 160 lb K per acre were applied preplant and incorporated. Weeds were managed in both years with preplant applications of 2 lb/acre of glyphosate (Credit 41; Nufarm, Burr Ridge, IL), 1.15 lb/acre of metolachlor (Dual II Magnum), and 1 lb/acre of atrazine (Makhteshim Agan of North America, Raleigh, NC). Insects were controlled with weekly applications of 0.02 lb/acre lambda-cyhalothrin (Warrior, Syngenta Crop Protection) starting at silking in both years. Supplemental water was provided through drip irrigation system to reach 1 to 1.5 acre-inch water per week. The soil type was a Hagerstown silt loam.
To help determine the ease of hand harvesting, distance from the soil line to the base of the primary ear from the middle 10 plants in a plot was recorded. Ears from 10 (southwestern site 2013 only) to 15 plants were harvested when all plants of an individual cultivar reached maturity. Since the effort required to hand pull an ear from a culm can vary by cultivar, ears were also rated for ease or difficulty in hand harvest (picking ease) using a five-point scale where 1 = difficult and 5 = easy. For uniformity, a single individual at each site was tasked with determining picking ease for both years of the study. Ears were categorized as marketable or unmarketable, counted and weighed. Visible insect damage resulted in an ear being unmarketable. Ear size (diameter and length) was measured from 10 ears per plot.
All data were analyzed using the GLIMMIX procedure in SAS (version 9.2; SAS Institute, Cary, NC). When probability values were less than or equal to 0.05, means were separated using Tukey's multiple comparison test. Data were pooled for all sites and years. Interactions among cultivar, site, and year were significant for all analyses.
Results and discussion
MARKETABLE AND UNMARKETABLE YIELDS. The number of marketable ears produced by all cultivars, in the 6 site years, was not different from Temptation except for Paydirt in 2012 and BC 1102 in 2013 at the central site, which produced fewer ears (Table 2) .
By weight, 'Avalon' produced higher marketable yields than 'Temptation' and 'Paydirt' lower at the southwestern site in 2012. In 2013, all cultivars were not different in marketable weight than Temptation except for Profit which had higher weights and Cuppa Joe with lower weights.
'Jackie' and 'Paydirt' had lower marketable yields by weight in 2012 at the central site compared with 'Temptation' while 'Montauk' was higher. In 2013, the cultivars Allure, BC 1102, Illusion, Paydirt, Profit, and Whiteout had lower yields by weight than Temptation. All other cultivars were not different from Temptation.
All cultivars, in both years at the southeastern site, were not different from Temptation based on marketable weight except for Montauk, which yielded higher in 2012.
The number of unmarketable ears for all cultivars, in the 6 site years, was not different from Temptation except for Paydirt in 2012 and Cuppa Joe in 2013 at the southwestern site which produced more unmarketable ears (Table 3) .
'Paydirt' produced higher unmarketable yield by weight (3.54 lb) than 'Temptation' (0.15 lb) which was not different from any other cultivar in the southwestern site in 2012. In 2013, 'Temptation' was not different from 'Allure', BC 1102', 'Cuppa Joe', Edelweiss', 'Illusion', and 'Paydirt'. All other cultvars produced lower unmarketable yields than 'Temptation'. Unmarketable yields by weight were not different from 'Temptation' for any cultivar in both years in the central and southeastern sites.
Most ears produced by 'Temptation' were marketable (13.13 to 15 over the 6 site years); as were those produced by the other cultivars evaluated. The number of ears produced per plot by 'Temptation' was not different between site and year (data not shown). Four locations (two in southwestern, one in central, and one in southeastern Pennsylvania) were used in this study and production practices varied by location including irrigation, fertility, and spacing. However, when following pest management recommendations (Orzolek et al., 2012) , growers can expect most ears to be marketable independent of Values are the mean of four replications; values followed by different letters within a column are significantly different using Tukey's multiple comparison test at the 5% level.
• October 2015 25 (5) location and production practices. Based on the number of marketable primary ears, all cultivars are recommended. By weight, marketable yield per plot from 'Temptation' was between 6.14 and 12.7 lb over the 6 site years. Generally, marketable weight was not different between site and year. However, in 2013, marketable ear weight per plot was lower at the southwestern site compared with the central and southeastern sites (data not shown). The use of irrigation only during establishment combined with the production practices and geographic location may account for this result. A cultivar needed to perform equally or superior to 'Temptation' in a minimum of 4 site years to be recommended. With the exception of 'Paydirt', all cultivars produced equal or higher marketable yield by weight to Temptation in at least 4 site years of the evaluation. 'Paydirt' marketable weight per plot was lower at the southwestern site compared with the central site in 2012 and compared with the southeastern site in 2013 (data not shown). Otherwise, differences between site and year were not observed for this cultivar. While Paydirt produced ears weighing less than Temptation in 3 site years, it is a common cultivar currently grown in Pennsylvania. It has gained favor because it matures early [70 d (Table 1) ] and has excellent flavor. Overall, growers in our region have access to a lot of synergistic sweet corn cultivars with acceptable marketable yields giving them a wide range of options.
EAR SIZE. Ear diameter of 'Temptation' was not different from most other cultivars in the 6 site years (Table 4) Overall ear size for all cultivars was comparable to Temptation. The average ear diameter for 'Temptation' was between 1.64 and 1.86 inches with no differences between site and year (data not shown). Ear length for 'Temptation' ranged from 6.69 to 7.46 inches also with no differences between site and year. Temptation is an early maturing cultivar [72 d (Table 1)]. For size, it demonstrated phenotypic stability between year and location. It was expected that ear maturity would relate to ear size, with earlier maturing cultivars, such as Temptation, producing smaller ears than later ones. However, this was not observed. Ear length values were lower than the 8-to 9-inch ear length that is preferred by consumers in U.S. markets (Tracy, 2001) . Temptation is a longstanding cultivar in the mid-Atlantic region which suggests that consumer acceptance in this region may vary from this standard. Additionally, numerous traits are considered when choosing sweet corn and others may be weighed more heavily than ear length.
EASE OR DIFFICULTY OF HAND HARVESTING. In both years at the southwestern site, 'Espresso', Kristine', and 'Paydirt' had ears lower on the culm than 'Temptation' (Table  5) . 'Synergy' was only lower in 2013. All other cultivars at the southwestern sites were not different from Temptation in both years.
In central Pennsylvania, there were no differences in 2012. However, in 2013, 'BC1102', 'Espresso', Kristine', 'Profit', and 'Synergy' had ears lower on the culm than 'Temptation'. All other cultivars were not different from Temptation.
'Captivate' and 'Mattapoisett' had ears located higher and 'Paydirt' lower on the culm than 'Temptation' in 2012 and 2013 at the southeastern site. 'Whiteout' was located higher on the culm only in 2012 while 'Kristine' was lower only in 2013 in the southeast. All other cultivars were not different from Temptation.
In southwestern Pennsylvania, 'BC1102', 'Kristine', 'Synergy', and 'Whiteout' were rated more difficult to pick than 'Temptation' in 2012. Only the cultivars Captivate and Mattapoisett were more difficult to pick than Temptation in 2013. All other cultivars were not different from Temptation.
In 2012 and 2013, 'Whiteout' was more difficult to pick than 'Temptation' in central Pennsylvania. 'Synergy' only rated lower than 'Temptation' in 2013. All other cultivars were not different from 'Temptation'.
At the southeastern site, there were no differences between cultivars for picking ease rating in 2012; however, Cuppa Joe, Jackie, Mattapoisett, Montauk, Primus, and Synergy rated lower than Temptation in 2013.
The closer the primary ear was to the soil line required more bending and therefore was considered more difficult to hand harvest. 'Temptation' over the 6 site years, ranged from 13.37 to 24.48 inches from soil line to the base of the primary ear. In 2012, ear height for 'Temptation' was higher at the southwestern site compared with the other sites, which were not different from each other. In 2013, ear height was not different between site and year.
'Synergy', 'Espresso', 'Kristine', and 'Paydirt' ears were lower than 'Temptation' on the culm in 2 site years or more. Ear height for 'Kristine' and 'Paydirt' did not differ between sites or years (data not shown). 'Espresso' ears were higher on the culm in the southeastern site compared with the central site in 2013. Otherwise, ear height for this cultivar did not differ between site and year. 'Synergy' ears were lower on the culm at the central site compared with the southwestern and southeastern sites in 2013. Otherwise, ear height for this cultivar did not differ between site and year.
'Temptation' was rated between 3.4 and 4.9 over the 6 site years indicating it was generally easy to hand harvest. Picking ease did not differ between site and year for 'Temptation' (data not shown).
'Whiteout', 'Synergy', and 'Mattapoisett' were rated as more difficult to pick than 'Temptation' in 2 site years or more. 'Whiteout' picking ease ratings did not vary between site and year. 'Synergy' ratings were higher at the southeastern site compared with the southwestern site in 2012. For 'Mattapoisett' ratings were higher in the southeastern site compared with the southwestern site in 2012 and higher in the central site compared with the southwestern and southeastern site in 2013. Otherwise, ratings did not differ between site and year for 'Synergy' or 'Mattapoisett'.
Overall, the qualitative ease of harvest ratings were not observed to Values are the mean of four replications; values followed by different letters within a column are significantly different using Tukey's multiple comparison test at the 5% level.
• October 2015 25(5) relate to the quantitative ear height measurements in this study indicating that the effort required to harvest an ear and its distance from the soil line are independent characteristics and both affect picking ease. Measurements also varied, depending on cultivar, between location and year (data not shown). A combination of the two traits may be a better representation of picking ease. 'Synergy' and 'Mattapoisett' ears were lower on the culm and rated as more difficult to pick than 'Temptation' in 2 site years or more suggesting that other cultivars may be more suitable for hand harvest. Shank length has also been observed to be a factor in picking ease (Kleinhenz, 2003) . Future studies combining these three factors may give a more complete picture of ease of picking.
